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INTRODUCTION 

Airborne  emissions  from  U.S.  Army  Ammunition  manu'^-cturing  plants 
could  pose  a serious  phytotoxic  hazard.  Presently  identified  compounds 
in  these  emissions  include  compounds  previously  shown  injurious  to  vege- 
tation as  well  as  compounds  for  which  effects  on  vegetation  are  unknown. 

An  attempt  has  been  made  herein  to  evaluate  the  potential  phytotoxic 
hazards  that  may  be  associated  with  munitions  manufacturing  operations. 

Based  upon  this  evaluation,  recommendations  for  future  investigations  are 
included  that  may  be  required  to  assist  the  Army  Surgeon  General  in 
developing  the  data-base  for  air  quality  standards  are  included. 

Substances  evaluated  were  selected  on  the  basis  of  their  probable 
phytotoxic  effects^t^  (SO^,  NO,  NO2  and  NH^);  their  identification  by  the 
U.S.  Army  Materiel  Command  as  potential  major  air  pollutants^***  (methyl 
nitrate,  tetrani tromethane,  nitromethane,  and  mononitrotoluenes) ; or 
their  release  to  the  atmospheric  environment  in  relatively  large  quanti- 
ties5-7  (acetic  acid,  acetic  anhydride,  and  N^O).  Federal  secondary 

emission  standards®  have  been  established  for  nitrogen  dioxide  (0.05  ppm  - 
annual  arithmetic  mean)  and  sulfur  dioxide  (0.5  ppm  - maximum  3 hour  con- 
centration, not  to  be  exceeded  more  than  once  per  year).  New  Mexico 
limits  gaseous  ammonia  discharge  to  25  ppm  by  voliine  in  the  gas  stream.® 

A review  of  federal  laws  and  regulations,  state  laws  and  current  develop- 
ments disclosed  no  secondary  standards  for  the  remaining  compounds  con- 
sidered. ®"^^ 

Each  compound  has  been  examined  for  its  probable  phytotoxic  effects 
taking  into  consideration  the  chemical  nature  of  the  compound,  atmospheric 
reactions  that  modify  compound  toxicity,  compound  concentrations  and  dis- 
tribution, and  vegetation  within  target  areas. 

A previous  report  in  this  series^**  dealt  with  the  toxicology  of  Airborne 
munition  wastes  to  humans  and  animals  and  has  described  their  point  sources, 
emission  scatter  and  other  characteristics.  This  report  expands  on  previ- 
ous ones  by  adding  phytotoxicity  implications. 

Extensive  literature  searches  were  conducted  on  each  compound  to 
secure  and  evaluate  any  previous  studies  that  would  indicate  compound 
phytotoxicity.  Sources  examined  and  key  words  are  listed  in  Appendix  A 
of  this  report.  For  compounds  known  to  be  phytotoxic  and  for  which  limit- 
ing regulations  already  exist,  only  brief  summaries  of  the  variables 
affecting  phytotoxicity , injury  signs  and  sensitive  plant  species  are 
presented.  The  reader  is  referred  to  other  literature  reviews^ for 
a more  complete  description  on  the  phytotoxicity  of  those  compounds. 
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For  injury  to  occur,  compounds  must  make  contact  with  plant  tissue. 
This  contact  can  be  through  vapors,  aerosols,  or  through  compounds  dis- 
solved in  rain  water  or  attached  to  particulate  matter.  Pollutants  could 
be  deposited  on  soil  and  absorbed  through  plant  roots.  Vegetation  injury 
could  occur  near  the  source  or  some  distance  away  depending  upon  pollutant 
concentration  and  dispersion.  Mixtures  of  pollutants  may  be  more  phyto- 
toxic than  individual  pollutants.  While  major  emphasis  was  placed  on 
phytotoxicity  from  gaseous  contact  of  individual  compounds  with  vegeta- 
tion, reports  indicating  toxicity  of  compounds  dissolved  in  water  or 
attached  to  particulates  have  been  included. 

Accumulation  of  compounds  in  plant  tissue  could  lead  to  toxicity  in 
animals  and  humans  through  food  and  feed  chains.  Previous  reports^* 
have  indicated  that  some  pollutants  (SO2,  NH^,  N2O,  acetic  acid)  do  become 
incorporated  into  plant  tissue.  These  compounds  have  been  used  in  normal 
plant  nutrition,  however,  and  are  not  considered  toxic  hazards.  Accumu- 
lation of  the  remaining  compounds  considered  is  unknown  and  could  be  a 
factor  in  assessing  the  potential  hazard  of  munition  plant  emissions. 


SULFUR  DIOXIDE 

Sulfur  dioxide  (SO2)  is  a known  phytotoxic  compound. National 
secondary  standards  for  ambient  air  quality  have  been  established  for  SO2 

at  0.5  ppm  - maximum  3 hour  concentration  not  to  be  exceeded  more  than 
once  per  year.®  The  extent  and  level  of  SO^  injury  to  plants  is  known  to 
be  influenced  primarily  by  the  SO2  concentration,  the  duration  of  exposure, 
the  presence  of  aerosols  and  ozone,  and  the  sensitivity  of  the  plant 
species. More  work  has  been  done  on  SO^  effects  on  plants  than 
probably  any  other  pollutant.  A recent  comprehensive  review  is  by  Brandt 
and  Heck  (1968). ^ 5 

Acute  injury  is  indicated  by  dead  leaf  tissue  between  veins  and  along 
leaf  margins. ^»^®»2i  Chronic  injury  is  generally  indicated  by  brownish- 
red  or  bleached  white  areas  on  leaf  blades . ^ *^®» Undersurface  silvering 
may  appear  as  cells  below  the  epidermis  collapse  from  SO^  damage.  Injury 
can  be  caused  by  0.3  ppm  SO2  for  8 hours  and  probably  is^due  to  a build-up 
of  sulfite  and  sulfate  ions  inside  the  leaf  from  SO2  interacting  with 
intracellular  water.  Since  SO^  enters  the  plant  leaf  through  the  stomata, 
plants  are  most  sensitive  in  the  daylight  when  stomata  are  open.^>i® 

Plants  have  been  found  to  be  relatively  more  sensitive  when  leaves  are 
low  in  sugar. ^®  Generally  middle-aged  leaves  are  more  sensitive  than 
older  or  younger  leaves. 
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Oxidation  of  SO2  in  the  atmosphere  can  lead  to  the  formation  of  sul- 
furic acid  aerosol.  In  contact  with  plant  surfaces,  the  aerosol  causes 
small  punctate  spots  on  leaves,  generally  on  the  upper  leaf  surface.^ 
Ozone  in  the  air  acts  synergistical ly  with  SO,  to  reduce  the  leaf  injury 
threshold. 1 ^ 

Some  plants  which  are  relatively  sensitive  to  SO,  are  listed  in 
Table  1 . 


ANWONIA 

Ammonia  is  known  to  be  phytotoxic  to  plants  in  relatively  high  con- 
centrations.23  Field  injury  has  been  reported  when  anhydrous 
ammonia  used  as  fertizlier  contacts  vegetation.  There  are  no  reports  of 
acute  injury  symptoms  due  to  slow  release  of  ammonia  from  industrial 

plants. 23 

Buckwheat,  Colem,  sunflower,  and  tomato  foliage  are  injured  by  1 hour 
exposure  to  40  ppm  or  4 hour  exposure  to  16.6  ppm  ammonia. 2'+  Signs  of 
injury  include  tissue  collapse  and  chlorophyll  loss  with  leaves  showing 
a cooked  green  appearance  and  becoming  brown  upon  drying.  Monocot  leaves 
may  develop  bright  red  or  purple  pigmentation  streaks  in  the  leaves. 

Leaf  and  fruit  tissue  of  some  species  may  turn  black  under  high  concen- 
trations (200-400  ppm 

Ammonia  will  inhibit  nitrogen  fixation, but  probably  tnis  does  not 
lead  to  plant  destruction.  Relative  sensitivity  of  some  species  of  plants 
to  NHj  are  indicated  in  Table  2, 

ACETIC  ACID  AND  ACETIC  ANHYDRIDE 

Gaseous  acetic  acid  has  been  demonstrated  to  be  phytotoxic  in  some 
plants.  Fumigation  of  red  oak,  common  hawthorne,  white  dogwood  and  other 
woody  plants  with  0.0011  g/m’’  of  acetic  acid  reduced  growth  of  the  shoots. 25 
Acetic  acid  vapor  in  high  concentrations  (1.0  to  1.5  g in  3 1 at  0.5°C) 
may  affect  the  dormancy  and  development  of  buds  in  HydAochafvij,  species. 2® 
Sugar  cane  growth  was  inhibited  by  volatilization  of  acetic  acid  from 
soi 1.22 

Acetic  acid  vapor  has  been  reported  to  be  absorbed  and  utilized  by 
bean  leaves  during  photosynthesis ,^2  5^^  there  was  no  indication  of 
phytotoxicity. 
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TABLE  1.  SELECTED  PLANTS  WHICH  ARE  RELATIVELY  SENSITIVE 
TO  SULFUR  DIOXIDE^ 


CROPS 


A1  fal  fa 

Mcdicago  icutiva,  L. 

Ba  rl  ey 

HoA.dc.urn  vuXgoAc,  L. 
Bean,  field 

Plia6zolLii,  sp. , L. 
Clover 

MctL£o-Cu4  S TfUffOLium, 
sp. 


Aster 

Aitzx  b-igeZov-ii 

Bachelor's  button 
Cznta/Lta  cyctniH,,  L. 

Cosmos 

Co^rnoi  b-ip-innoMii, , Cau. 


Apple 
MaZu^,  sp. 

Bi  rch 

Bztula,  sp. 

Catalpa 

CcUaZpa  6ptcJj3i>a,  Warder 
Elm,  American 
UinKvS  ameAZaina,  L. 


Bean 

VhoMLclwit  vuZgoAyii,  L. 
Beet,  table 
EeXa  vuJLgaxU , l. 


Cotton 

Goiiypium,  sp. , L. 
Oats 

Avcna  iotZva,  L. 

Rye 

Sdcale.  c&^e.alz  L. 

Sa  f f 1 owe  r 

CaAZhcmui  tZiictc-iZui , 

L. 

GARDEN  FLOWERS 

Four  o'  clock 
lAifiabZLU  jalupcL,  L. 

Morning  glory 

I porno ea  puApuAca, 

Roth 

Sweet  pea 

LatiuyKuM  odo>icLtal>,  L. 


TREES 

Larch 

Lafu-x,  sp. 

Mu 1 berry 

MoA,a6  mZcAcphytta, 
Buckl . 

Pear 

PyAitA  cormunZi,  L. 


GARDEN  PLANTS 
Lettuce 

LacZuca  icUZva,  L. 
Okra 

HZbZicu&  e^cuZen-tui , 

L. 


Soybean 

GZycZnz  max.,  Merr. 
Wheat 

T>vitZcjum,  sp. 


Verbena 

\Jznbzm  canackniZi , 
Brit. 

Violet 
VZoZa,  sp. 

Zinni a 

ZZtuiZa  zZzgan&, 
Lorenz 


Pine,  Eastern  white 
PZntii  it'icbus,  L. 
Pi ne,  ponderosa 
PZna6  pcndzA£ia., 
Laws 

Poplar,  lombardy 
PopuZu6  nZgKCL,  L. 


Spinach 

SpZnac&a  oZeMLcca,  L. 
Squash 

CucuAbZta  maxAjna, 
Duchesne 
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Table  1 continued 
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Broccol i 

BAxxM-ica  olzAa.ce.a  moa. 
botAyt^,  L. 

Brussel  sprouts 
S^ai^^>lca  oleAa.ce.a  voa. 
QZJnmllzmx,  L. 

Carrot 

Vaucai  coAota  voA. 
■icutiva,  L. 

En  di  ve 

CichoAium  zndiv-Ca,  L. 


Bindweed 

ConvolvutiLi)  aKvi/UtLit,  \_. 

Buckwheat 

f ago  py faun  iag-Lttatum, 

Gi  1 i b . 

Careless  weed 
AmoAonthai  patmuAi 
S.  Wats. 

Curly  dock 
Rumex  cfuispai,  L. 


Pepper  (bell , chili ) 
Capsicum  ^fmtesccns 

L. 

Pumpkin 

CucuAb-Ua  pepo,  L. 
Radish 

RaphanuA  sativus,  L. 
Rhubarb 

Rheum  Ahaponticjum,  L. 
WEEDS 
FI  eabane 

EAigcAon  canadenAis, 

L. 

Lettuce,  Prickly 
Lactuca  AcoAiota,  L. 

Mallow 

IkUioa  paA\ji(,ZoAa 
Plantain 

Plantago  majoA,  L. 


Sweet  Potato 
J porno ea  batatoA, 
Lam. 

Swiss  Chard 

Be^a  vuigafuA  voA. 
c-idia,  L. 

Turni p 

bAoAAicxi  Aapa,  L. 


Ragweed 

AmbfwA-La 

aAtaruAdif^oHa,  L. 
Sunflower 
HeiianthuA , sp. 

Vel vet-weed 
GauAa  pafLvi()toAa, 
Do  ug  1 . 


a.  Summary  table  from  Barnett  and  Benedict  (1970).^® 
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TABLE  2.  SENSITIVITY  OF  SELECTED  PLANTS  TO  AMMONIA^ 


Mustard 

ISn.a6ilca  juncza,  Coss. 


Buckwhe at 

Fagopi/A.um  e^ciiZzntum, 
Moench. 

Cheeseweed 

HaZva  fLotuncU.{jOl-ia,  L. 

Coleus 
Co£.zu6,  sp. 


Apple  (fruit) 
MoLai , s p . 

Chi ckweed 
CdKoittim,  sp. 


SENSITIVE 

Sunfl  ower 

annuLL6,  L. 

INTERMEDIATE 

Grass , annual  blue 
Poci  annua,  L. 

Grass , Kentucky  blue 
Poa  pnatzn&ti,,  L. 

Lambs-quarters 

Ckejiopod-cum  album,  L. 

RESISTANT 

Dandel ion 
Taraxacum 
o^i-icinale,  Weber 

Nettle-leaf  goosefoot 
Ch^no{x>cU,um  muAole, 

L. 


Tobacco 

Hlcatiana  tabacum,  L. 
Tomato 

LyoopeA&icon  zicuZentum, 
Mill. 


Peach  (fruit) 

Pttuiua  pcfulca,  Sieb.  & 
Zucc. 

Pigweed 

AmaJianthu6  reXoo  ^iexLui , 

L. 


a.  Summary  from  Heck,  ti  oX.  (1970).^^® 


Aqueous  solutions  of  acetic  acid  supplied  to  plants  .lave  been  shown 
to  be  phytotoxi c. 28-30  Wheat  root  growth  was  reduced  80-86%  by  a 1.25  )M 
solution  of  acetic  acid.®^  Addition  of  5%  acetic  acid  solution  will 
reduce  the  vitamin  C content  of  several  vegetables  and  fruit. 82 

Because  of  its  rapid  conversion  to  acetic  acid  in  the  presence  of 
water, 83  acetic  anhydride  probably  would  be  phytotoxic  to  the  same  extent 
as  acetic  acid. 
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NITROUS  OXIDE 

Gaseous  nitrous  oxide  (N2O)  is  reported  to  have  no  effects  upon  the 

seismonic  sensitivity  of  Himo^a  plants^**  nor  on  numerous  bacteria  exposed 
to  the  gas. 35  Some  bacteria  and  plants  produce  small  amounts  of  nitrous 
oxide  in  normal  metabol ism.^^t 35  Nitrous  oxide  in  high  concentrations 
probably  will  inhibit  nitrogen  fixation  in  plants  by  acting  as  a competi- 
tive inhibitor  for  nitrogen. ^5 

No  available  information  implicates  N^O  as  a phytotoxi c compound  in 
the  environment. 


NITRIC  OXIDE  AND  NITROGEN  DIOXIDE 

Nitric  oxide  (NO)  and  nitrogen  dioxide  (NO^)  are  known  phytotoxic 
compounds.  35-‘»i  National  secondary  standards  for  ambient  air  quality 
have  been  established  for  NO2  at  0.5  ppm.®  NO^  appears  to  be  more  phyto- 
toxic than  N0.35.‘*i  Concentration  of  the  nitrogen  oxide,  duration  of  the 
exposure,  light,  and  sensitivity  of  the  plant  species  are  reported  to 
affect  the  extent  of  nitrogen  oxide  injury  to  vegetation. **1 

High  concentrations  of  N0_  (>25  ppm)  coming  in  contact  with  vegeta- 
tion will  generally  cause  necrotic  lesions  on  leaves  and  subsequent 
defoliation. 1 »35  Low  levels  of  NO^  (<1  ppm)  over  10-22  days  cause  chloro- 
sis of  leaves  and  growth  supression.^ .36  Phytotoxicity  of  NO2  in  the 
dark  is  almost  twice  the  phytotoxicity  of  NO-  in  the  light. ^ Differences 
in  sensitivity  among  plant  species  are  illustrated  by  tomato  which  is 
reported  to  be  injured  by  6 ppm  NO2  for  2 hours36  and  heath  (EA/tax  coAnea) 
which  is  unaffected  by  exposure  to  NO2  at  1000  ppm  for  1 hour. ‘♦6 

Necrotic  lesions  on  plant  leaves  exposed  to  high  concentrations 
appear  as  water-soaked  areas  on  the  upper  surface.  Tissue  in  these 
regions  collapse  and  give  the  leaf  small  irregular  necrotic  patches, 
generally  light  brown  or  bronze  in  color.  The  lesions  may  occur  in 
any  area  of  the  leaf  but  become  most  prominent  at  the  apex  and  leaf 
margins.  In  addition,  leaves  may  develop  a waxy  coating  or  glazed 
appearance.  Severity  of  response  on  plant  leaves  varies  with  the  age 
of  leaves  and  can  be  more  severe  on  old  or  young  leaves  depending  upon 
plant  species. 36  Defoliation  occurs  in  citrus  (C-itiLU,  sp.),  azaleas 
and  hibiscus  (H-cb<Acai  sp.).39,‘*2 

Bean  and  tomato  plants  growing  for  22  days  in  an  atmosphere  contain- 
ing 0.5  ppm  NO2  showed  a 25%  reduction  in  dry  weight  as  compared  with 
controls  not  exposed  to  N02.3^  Carbon  dioxide  absorption  (necessary  for 
photosynthesis)  was  depressed  in  tomato  and  bean  plants  by  exposure  to 
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NO  at  4 to  10  ppm,  although  normal  absorption  returned  following  removal 
of  NO  from  the  envi ronment. Both  NO  and  NOp  inhibit  photosynthesis 
at  threshold  concentrations  of  0.6  ppm.**!  ^ 

Relative  sensitivity  of  plants  to  nitrogen  dioxide  are  indicated 
in  Table  3. 

Nitrogen  oxides  can  contribute  to  formation  of  ozone  (a  known 
phytotoxic  compound)  by  interacting  with  hydrocarbons  in  the  air. **3 


TABLE  3.  SENSITIVITY  OF  SELECTED  PLANTS  TO  NITROGEN  DIOXIDE^ 


SENSITIVE 

Azalea 

RhodadQ.ndJwn,  sp. 

Bean,  pinto 

Phoieolm  vulgaAyii,  L. 

Hibiscus 

H-ib-ucai  Aoiai^mnA^ 
Lettuce  (head) 

Lactuca  icutiva,  L. 

Sunflower 

H zlicuitliLU)  annual,  L. 
Tobacco 

SI-icjOtia}ia  gliutino^a, 

L. 

Brittlewood 

MziaZcuca  teacadzndAa 

Mustard 

sp.,  L. 

INTERMEDIATE 

Cheeseweed 

MoE ua  poAv-L^ofuL,  L. 

Chi ckweed 

SteLLafUa  rmdia, 

Cy  ri  1 1 

Dan  del  ion 

Tanaxacum  o ^^Aoinalz, 
Weber 

Grass,  annual  blue 

Poa  annua,  L. 

Orange 

C-itAui  i-cnznil^, 
Osbeck 

Rye 

Szcale  zzAzalz,  L. 

RESISTANT 

Asparagus 

Aa  pofiagin  o , 

L. 

Bean,  bush 

Pliaiec'iai  vuIgaAi^,  L. 
Carissa 

CcULUia  coAxuidcu, 

Croton 

Codia^m,  sp. 

Grass  , Kentucky  bl ue 

Poa  pnateji6i.i,  L. 

Nettle- leaf  goosefoot 
Chznopcdcum,  sp. 

Heath 

EAlca,  sp. 

Ixora 

IxoAa,  sp. 
Lambs-quarters 
Chenopodiun  album,  L. 

Pi gweed 

Ckziio podium,  sp. 

a.  As  summarized  by  Taylor  and  MacLean  (1970).^® 
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METHYL  NITRATE 


No  information  on  phytotoxicity  of  gaseous  methyl  nitrate  to  higher 
plants  was  available.  Reports*******^  indicate  that  methyl  nitrate  is  muta 
genic  in  E.  cotc  bacteriophage  T4B  at  concentrations  less  than  0.054  M. 
Methyl  nitrate  may  undergo  photolysis  to  produce  NO^.**® 


NITROMETHANE 

Fumigation  tests  with  nitromethane  at  1 ppm  produced  no  visible  phyto 
toxic  signs  on  spinach,  endive,  beets,  oats  or  alfalfa. No  other  infor 
mation  on  the  phytotoxicity  of  nitromethane  was  available.  Nitromethane 
may  undergo  photolysis  to  produce  NO^.**® 

TETRANITROMETHANE 

There  is  no  available  information  on  the  phytotoxicity  of  gaseous 
tetranitromethane.  Of  primary  concern  may  be  the  photolysis  of  tetra- 
nitromethane  to  give  1102,“*®  a known  phytotoxic  compound. 


MONONITROTOLUENES 

Limited  information  is  available  on  the  phytotoxicity  of  gaseous 
mononitrotoluenes.  A report  by  Fant,  eX  oE.  ,‘*®  in  1923  indicated  that 
gaseous  mononitrotoluenes  decreased  the  growth  of  germinating  corn 
seedlings. 

Other  studies  have  reported  the  response  of  plants  growing  in  aqueous 
solutions  of  mononitrotoluenes.  Using  duckweed,  Lemna  pzApixiiWia  Torr, 
Schott  and  Worthley  (1974)'*^  tested  the  phytotoxicity  of  o-ni trotol uene, 

2.4- dinitrotoluene,  2,4,6-trinitrotoluene  and  4-ami  no- 2-ni trotol uene  in 
concentrations  of  0.01  to  100  ppm  in  comparison  with  phytotoxicity  of 

2.4- di chlorophenoxyaceti c acid,  a herbicide.  A summary  of  the  results 
are  presented  in  Table  4. 

In  another  study,  o-,  m-,  and  />ni trotol uene  are  reported  not  to 
affect  water  microflora.®®  Application  of  o-nitrotol uene  at  1000  liters 
per  hectare  has  been  used  as  an  effective  herbicide  for  irrigation 
canals. 


TABLE  4.  RESPONSE  OF  DUCKWEED  TO  TNT  AND  RELATED  WASTES 
IN  AQUEOUS  SOLUTION^ 


Solution  Concentration  of  Compound  (ppm) 


Compound 

pH 

. 100 

50 

10 

5 

1 

0.5 

0.1*^ 

Response' 

c 

o-Ni trotoluene 

6.3 

D 

- 

0 

• 

0 

0 

8.5 

0 

0 

0 

- 

0 

- 

- 

2, 4-Dinitro toluene 

6.3 

D 

- 

D 

X 

X 

0 

8.5 

D 

D 

D 

D 

X 

- 

0 

2,4,6-Trini trotoluene 

6.3 

- 

D 

D 

D 

X 

0 

0 

8.5 

- 

D 

D 

D 

X 

- 

0 

4- Ami no-2-ni trotol uene 

6.3 

D 

X 

0 

0 

• 

8.5 

X 

X 

X 

- 

0 

- 

- 

a.  Data  from  Schott  and  Worthley  (1974).**® 

b.  Concentration  at  which  2 ,4-di chlorophenoxyaceti c is  toxic. 

c.  D = death;  X = decrease  in  growth  rate;  0 = no  effect;  - = not  tested. 


DISCUSSION 

Previous  sections  of  this  report  have  outlined  the  known  and  poten- 
tial phytotoxicity  of  11  compounds  associated  with  U.S.  Army  munition 
manufacturing  plants.  A summary  of  the  available  phytotoxicity  data  is 
presented  in  Table  5.  Data  on  ambient  concentrations  for  nitrogen 
dioxide,  sulfur  oioxide,  and  acetic  acid  indicate  that  present  levels 
probably  are  not  phytotoxic  (Table  6).  However,  increased  plant  opera- 
tion undoubtedly  would  increase  levels  above  the  phytotoxic  threshold. 

In  addition,  under  certain  atmospheric  conditions  the  dilution  of  air- 
borne pollutants  that  normally  occurs  between  point  sources  and  facility 
boundaries  could  be  prevented  thus  causing  infrequent  but  serious  phyto- 
toxic injury.  Information  is  lacking  for  making  any  conclusive  state- 
ment on  the  remaining  compounds. 
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TABLE  6.  ESTIWIED  AMBIENT  CONCENTRATIONS  OF  SELECTED 
MILITARY-GENERATED  AIR  POLLUTANTS 


I 


Poll utant 

Site 

Estimated 
Concentration , 
mg/m^ 

Location 

Refer- 

ence 

Acetic  acid 

HAAP, 

Area  A 

5.1 

At  boundary 

14 

HAAP, 

Area  B 

1.3 

At  boundary 

Acetic  anhydride 

HAAP, 

Area  A 

0.58 

At  boundary 

14 

Methyl  nitrate 

HAAP, 

Area  A 

0.42 

0.12  km  outside 

14 

boundary 

HAAP, 

Area  B 

0.27 

At  boundary 

Nitro methane 

HAAP, 

Area  A 

0.026 

0.12  km  outsi de 

14 

boundary 

Tetranitro methane 

VAAP 

0.13 

0.8  km  outsi  de 

14 

boundary 

RAAP 

0.48 

At  boundary 

Nitrous  oxi  de 

HAAP, 

Area  B 

3.0 

At  boundary 

14 

Mononitrotol uene 

- 

Unknown 

- 

- 

Nitric  oxide 

VAAP 

0.028  ppm  (ave. ) 

Pond  5 outsi  de 

54 

boundary 

Nitrogen  dioxide 

HAAP, 

Area  A 

0.090  ppm  (max. ) 

At  boundary 

6 

HAAP, 

Area  B 

0.200  ppm  (max. ) 

At  boundary 

VAAP 

0.036  ppm  (ave. ) 

Pond  5 outsi  de 

54 

boundary 

Sulfur  dioxide 

HAAP, 

Area  A 

0.255  ppm  (max. ) 

At  boundary 

6 

HAAP, 

Area  B 

0.270  ppm  (max.) 

At  boundary 

VAAP 

0.011  ppm  (ave.) 

Pond  5 outsi  de 

54 

boundary 

Ammon i a 

- 

Unknown 

- 

- 
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RECOMMENDATIONS  FOR  FUTURE  STUDY 


Site  inspections,  by  a qualified  plant  physiologist,  should  be  con- 
ducted of  the  vegetation  at  appropriate  locations  in  the  spring  and 
summer  to  locate  any  visual  signs  of  phytotoxi ci ty. 


Initiation  of  test  trials  to  determine  the  phytotoxicity  of  compounds 
(individually  and  collectively).  Tests  should  include:  acetic  acid, 
acetic  anhydride,  methyl  nitrate,  tetrani tromethane,  nitromethane,  and 
mononitrotoluenes. 


Monitoring  programs  to  ascertain  the  concentrations  at  selected 
production  sites  should  be  initiated  for  ammonia,  nitrogen  oxides,  and 
the  mononitrotoluenes. 

Quantitative  dispersion  modeling  for  the  prediction  of  ambient 
concentrations  of  air  pollutants  around  production  sites  under  various 
(normal  and  adverse)  atmospheric  conditions.  Careful  consideration 
must  be  given  to  downwash,  fumigation,  thermal  inversion  frequencies, 
and  effects  of  surface  topography.  Thus,  the  work  in  reference  4 should 
be  extended  to  cover  conditions  of  importance  in  the  prediction  of 
phytotoxi c injury. 
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APPENDIX  B 


PROTOCOL  FOR  DETERMINING  THE  PHYTOTOXICITY 
OF  GASEOUS  ENVIRONMENTAL  CONTAMINANTS 

SUMMARY 

A protocol  for  ascertaining  the  phytotoxicity  of  airborne  environ- 
mental contaminants  is  described.  The  procedures  outlined  require  a 
series  of  different  studies,  some  prerequisite  to  others.  Each  portion 
of  the  protocol  is  designed  to  provide  essential  inputs  for  consistent 
ecological  evaluation  of  pollutants,  individually  and  if  required,  in 
combination. 

The  protocol  is  sectioned  into  tasks  which  progress  from  initial 
field  evaluation  to  completed  testing  of  pollutants  for  phytotoxicity. 
These  tasks  are  labeled:  (1)  field  studies  and  (2)  greenhouse  studies. 

At  the  end  of  each  task  a decision  point  is  reached  and  progression 
in  or  to  a subsequent  task  is  decided  on  the  basis  of  previous  results, 
program  needs,  and  resource  availability. 


INTRODUCTION 

Developing  a general  application  protocol  for  identification  of  air- 
borne phytotoxic  contaminants  necessarily  limits  the  definitive  features 
of  these  directives  to  suggested  guidelines.  Plant  response  to  air 
pollutants  depends  not  only  upon  specific  characteristics  of  the  plant 
and  pollutants,  but  also  upon  a multitude  of  modifying  factors  within 
the  environment  peA  -se.  Innumerable  combinations  of  plants  and  con- 
taminants may  be  encountered  under  different  environmental  conditions. 

Airborne  pollutants  can  be  described  by  their  physical  state,  gaseous, 
aerosol  or  particulates.  Pollutants  in  all  forms  can  be  injurious  to 
plants,  although  the  amount  and  type  of  vegetation  damage  may  be  differ- 
ent. Characteristics  of  gaseous  pollutants  may  change  as  they  become 
dissolved  in  absorptive  moisture  or  attached  to  particulates.  Mixtures 
of  pollutants  may  interact  to  form  new  pollutants.  [This  protocol  is 
designed  for  determining  phytotoxicity  of  gaseous  pollutants  as  gases.] 

For  vegetative  damage  to  occur,  the  contaminant  must  be  in  contact 
with  the  plant.  Some  airborne  pollutants  are  known  to  penetrate  into 
plant  tissue  through  stomates  on  aerial  portions  of  plants  and  their 
phytotoxicity  is  limited  to  times  when  stomates  are  open.  Other  pollut- 
ants may  pass  directly  through  tissue  surface  layers.  Contaminants  dis- 
solved in  water  or  attached  to  particulates  may  contact  vegetation  as 
rain  or  dust  settlings  and  initiate  the  phytotoxic  response  at  the  plant 
surface. 
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Higher  plants  are  distinguished  by  their  differences  in  form,  habi- 
tat, and  physiology.  Wide  variation  in  growth  and  development  exist  from 
one  genus  to  another  and  significant  differences  may  exist  within  cultivars 
of  the  same  species.  [Plant  sensitivity  to  gaseous  pollutants  varies  with 
plant  types,  plant  environment  and  plant  developmental  stages.] 

Certain  background  information  must  be  available  before  this  proto- 
col can  be  employed  effectively.  [Not  all  contaminants  in  the  air  are 
necessarily  harmful  to  plants.]  Amounts,  types,  and  effective  release 
times  of  contaminants  should  be  ascertained.  Review  of  literature  and 
other  information  sources  on  each  contaminant  should  be  utilized  to 
identify  the  physical  and  chemical  properties,  the  distribution  and 
persistence  in  the  environment  and  any  known  phytotoxic  characteristics. 
Vegetation  surveys  should  be  used  to  identify  primary  and  significant 
plant  species  within  target  areas. 


TASK  ONE:  FIELD  STUDIES 

The  objective  of  task  one  is  to  discern  any  indications  of  compound 
phytotoxicity  on  native  flora.  The  best  evidence  of  contaminant  phyto- 
toxicity is  observation  of  definable  plant  injury  at  the  target  site. 
Results  from  this  study  will  assist  in  selection  of  test  plants  for  other 
tasks  outlined  in  this  protocol  and  will  give  indications  of  the  extent 
of  the  pollution  problem. 

Experimental  Procedures 


Selected  indigenous  plant  species  of  each  area  exposed  to  contami- 
nants should  be  examined  for  expression  of  phytotoxic  symptoms.  Guide- 
lines on  field  diagnosis  of  air  pollution  injury  to  plants  are  presented 
in  other  sources^j^^  and  are,  therefore,  not  repeated  in  this  protocol. 

Observations  must  be  completed  during  a plant's  growing  season  so 
phytotoxic  signs  will  easily  be  visualized.  It  would  be  preferable  to 
make  at  least  two  visits  to  the  contaminated  area,  one  in  spring  after 
trees  have  leaves  and  a second  visit  approximately  4 to  6 weeks  later. 
Observations  should  be  made  on  plants  in  the  imnediate  contaminant 
source  area  and  primarily  downwind  from  the  source  until  a point  where 
dispersion  calculations  indicate  significant  dilution  of  pollutants. 

In  addition,  upwind  areas  should  be  evaluated  for  signs  of  air  pollu- 
tion injury.  The  upwind  area  serves  as  a control  planting  not  exposed 
to  contaminants  and  should  indicate  if  there  have  been  plant  population 
changes  downwind  from  a suspected  contaminant  source  or  if  other  sources 
of  contaminant  exist  within  the  area. 


26 


Color  photographs  should  be  made  of  all  injury  signs  for  use  in  com- 
parison with  phytotoxic  signs  produced  in  greenhouse  trials.  All  affected 
plants  should  be  identified. 

Conclusions 


Evidence  of  vegetation  injury  at  source  sites  may  indicate  presence 
of  phytotoxic  compounds  among  chemicals  released.  Lack  of  vegetation 
damage  does  not  preclude  phytotoxicity  of  compound.  Injury  may  be  in 
the  form  of  reduced  yields,  population  modifications  or  other  measurable 
changes. 


TASK  TWO:  GREENHOUSE  STUDIES 

The  objective  of  task  two  is  to  test  the  potential  phytotoxicity 
of  compounds  through  exposure  of  selected  test  plants  to  known  concen- 
trations of  contaminants.  Proof  of  phytotoxicity  requires  consistent 
demonstration  of  signs  of  injury  under  controlled  conditions. 

The  type  of  initial  test  will  depend  upon  the  field  evidence  of 
phytotoxi ci ty . If  no  phytotoxic  signs  are  detected  in  the  field, 
or  in  the  absence  of  field  observations,  plants  should  be  exposed  to 
mixtures  of  suspected  contaminant  gases.  (Certain  interacting  gases 
should  not  be  present  in  the  same  mixture,  e.g.,  ammonia  and  acetic 
acid.)  If  phytotoxic  signs  are  detected  in  the  field,  plants  should 
be  exposed  to  individual  contaminant  gases. 

Unfortunately,  the  cultural  practices  for  growing  each  species  of 
plant  is  specific,  and  no  general  method  can  be  recommended  successfully. 
Therefore,  the  USDA  or  State  Agricultural  Experiment  Stations  should  be 
consulted  concerning  problems  in  specific  plant  culture.  Growth  of 
healthy  plants  under  controlled  conditions  is  not  always  simple  and 
considerable  attention  to  light,  temperature,  pest  control,  and  other 
growth  variables  is  required. 

As  a general  rule,  all  dose- response  data  should  be  subjected  to 
probit  analysis.  In  addition,  evaluation  of  combinations  of  contami- 
nants for  synergism  or  antagonism  should  be  determined. 

Selection  of  Plant  f^terial 


Plant  material  must  be  suitable  for  growth  in  greenhouses,  sensi- 
tive to  air  pollutants  and  representative  of  plant  species  growing  in 
locations  under  investigation.  If  possible,  indigenous  species  which 
were  determined  to  be  injured  by  airborne  contaminants  or  are  particu- 
larly prominent  within  the  area  should  be  included.  In  addition,  the 
selection  of  plant  categories  and  specific  species  should  utilize 
important  economic  plants  of  the  area. 
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Test  plants  for  compound  phytotoxicity  should  include,  but  are  not 
limited  to,  those  listed  in  Table  B-1.  Selected  plants  should  be  grown 
in  uniformly  mixed  soil  under  near  optimum  conditions  of  light,  tempera- 
ture and  moisture  for  each  species.  However,  it  should  be  recognized  that 
plants  are  sometimes  more  sensitive  to  air  pollutants  when  growing  under 
stress  conditions. 

Evidence  of  phytotoxicity  is  indicated  upon  comparison  of  plants 
exposed  to  contaminants  (test  plants)  and  to  plants  not  exposed  to 
contaminants  (control  plants). 


TABLE  B-1.  SUGGESTED  TEST  PLANTS  FOR  USE  IN 
AIR  POLLUTANT  PHYTOTOXICITY  STUDIES 


Plant 

Reason  for  Selection 

Stage  of  Growth  to  Use 

Beans,  PkoitolM 
voCgoA/Ci,  L. 

Comnwn  air  pollutant 
test  pi  ant,  di cot, 
ease  of  yiel d tri al 

Seeding  to  harvest 

Tobacco,  N^coticDia 
tabacujn,  L. 

Common  air  pollutant 
test  plant,  dicot 

4 Leaf  to  16  leaf 

Eastern  White  Pine, 
P^nui  itAobLii,  L. 

Common  air  pollutant 
test  plant  gymnosperm, 
woody  species 

Seedl i ngs 

Annual  bluegrass, 

Poa  annua,  L. 

Common  ai r pol 1 utant 
test  plant,  monocot 

Seed  to  maturity 
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Conclusions 


Evidence  of  vegetation  injury  (visual  or  other)  indicates  (1)  one  of 
the  individual  components  in  the  mixture  to  be  phytotoxic;  (2)  two  or 
more  components  are  additive  or  synergistic;  or  (3)  chemical  transforma- 
tion in  the  mix  has  produced  one  or  more  new  compounds  that  are  phyto- 
toxic. Further  tests  outlined  in  Phase  II  of  this  task  should  be  cond- 
ducted.  The  absence  of  vegetation  injury  (visual  or  other)  would  seem 
to  preclude  any  phytotoxicity  among  the  compounds  tested  and  no  further 
tests  would  be  necessary. 

Experimental 

Phase  I - Mixture  of  Compounds.  (To  be  used  where  there  is  no 
evidence  of  phytotoxicity  in  the  field.) 

Matched  and  paired  greenhouses  should  be  selected  for  growth  and 
exposure  of  plants  to  contaminants.  One  house  of  each  pair  to  be  desig- 
nated a control  greenhouse  and  the  other  a test  greenhouse.  The  control 
house(s)  to  be  free  of  any  gaseous  pollutants  and  the  test  house(s)  to 
contain  only  gaseous  pollutants  under  study.  Pollutants  should  be  added 
to  the  air  of  the  test  house(s)  so  that  the  contaminants  are  equally 
dispersed  throughout  the  plant  growing  area.  Monitoring  and  control 
systems  should  maintain  a fixed  level  of  all  pollutants  in  the  test 
greenhouses.  Throughout  the  test  trials  contaminant  levels  should  be 
at  a minimum  of  twice  the  monitored  level  of  pollutants  in  the  field. 
(Plants  may  be  more  or  less  sensitive  under  ambient  conditions.) 

Matched  sets  of  plants  should  be  placed  in  each  of  the  greenhouses 
and  grown  through  the  designated  stages  (Table  B-1).  All  sets  of  test 
plants  should  be  replicated  sufficiently  to  allow  statistical  analyses 
of  phytotoxicity  data.  Plants  should  be  observed  regularly  in  detail 
for  visual  signs  of  toxicity.  All  visual  signs  should  be  recorded 
using  color  photographs  and  other  available  data  collection  techniques. 
Information  on  seed  set  and  yields  should  be  collected  at  maturity  and 
direct  comparison  of  test  and  control  plants  made  to  indicate  detrimental 
effects  of  contaminants  on  those  parameters. 

Phase  II  - Single  Compounds.  (To  be  used  if  there  is  evidence  of 
compound  phytotoxicity  in  the  field  studies  or  Phase  I of  greenhouse 
studies. ) 

Growth  of  plants,  greenhouses,  and  pollutant  test  conditions  should 
be  as  outlined  in  Phase  I,  except  individual  contaminants  should  be 
utilized  in  the  test  greenhouse(s).  Initial  tests  in  Phase  II  should 
utilize  contaminant  concentrations  twice  the  monitored  levels  in  the 
field.  Any  contaminants  that  produce  phytotoxic  signs  (visual  or 
other)  should  be  tested  further  under  conditions  previously  outlined 
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in  this  phase  but  with  the  use  of  multiple  contaminant  levels  in  order 
to  obtain  quantitative  data  for  establishing  reliable  dose-response 
curves.  Data  collection  is  to  be  as  previously  described  in  Phci>e  I. 


Conclusions 

Evidence  of  vegetation  injury  (visual  or  other)  indicates  compound 
phytotoxicity.  Threshold  values  are  established  by  use  of  multiple 
compound  concentrations.  Absence  of  vegetation  injury  (visual  or  other) 
indicates  that  when  tested  individually  the  compound  exhibits  no 
phytotoxicity. 
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